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STRUCTURE OF DIRECT TYPE
BACKLIGHT MODULE WITH HIGH
UNIFORM EMITTING LIGHT

RELATED APPLICATIONS

This application 1s a Divisional patent application of

application, Ser. No. 11/041,705, filed on 25 Jan. 2005 now
U.S. Pat. No. 7,213,936.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a structure of direct type
backlight module with high uniform emuitting light, which
emphasizes on a direct type backlight module with high
efliciency of light diffusion and transmission and low-cost
diffusing plate.

2. Description of the Related Art

With the increment of HD'TV, DVD player and Digital TV
requirement, consumers are more and more concerned about
the 1mage quality of television. Besides, some defects of
conventional CRT TV are high power consumption, high
radiation, blinking, and heavy weight. Therefore, new gen-
eration display device having high solution i1n different
monitors competition during these years has gradually
placed CRT. Liquid crystal display with potential display
technology has been always highly concerned for new
generation display. The manufacturers in Japan, Taiwan and
Korean are devoted mto LCD technology research and
adopting large-scale production equipment, therefore, the
quality of LCD has been continuously improved and mar-
keting price 1s getting down which bring the requirement of
LCD and more criteria on related technology. The image of
liquid crystal monitor 1s controlled by electric fields power,
but liquid crystal panel itself can not emait light and provides
monitor light through backlight module. Generally speak-
ing, LCD has two different kinds of backlight source that are
side type and direct type. Side type backlight source cannot
provide high brightness and uniform light on the application
of large-size liquid crystal monitors, due to being influenced
by lamp. tubes and light transmission distance. On the
contrary, direct type backlight can achieve the criteria of
large-size liquid crystal monitor through increasing lamp
tubes and diffusion device design. Besides, light guide plate
of side type backlight module will increase thickness while
s1ize 1s enlarged to achieve umiform distribution of light.
According to the calculation, the weight of light guide plate
whose average brightness 5000 cd/m2 for 21" 1s over 2
kilogram. The trend of present monitor 1s towards to light
weight, the weight of light guide plate becomes a significant
criterion. Using light diffusing plate can reduce 1n a range of
from 60 to 80% weight that has obvious advantage for the
application of large-size backlight module.

Light diffusing plate of direct type backlight module
replacing light guide plate of side type 1s an important
component to have scattering and uniformity light. The
primary function of “Light diffusing plate™ 1s to scatter light,
such as light box, light signboard, even the light box which
using for X-ray examination in the hospital, that all use the
similar diffusing plate to scatter the light uniformly. That
causes 1 good elflect on light scattering. Although the
diffusion etliciency of early diffusing plate fits the require-
ment, the light transmaission ratio and uniformity are still not
good for display application, whose defect 1s the msuthicient
brightness. Generally speaking, the transmission rate of the
whole light field of these diffusing plates are in a range of
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from 30 to 50% that has already not satisfied the consumer’s
requirement, under the trend of high brightness of display.
Japanese diflusing plate manufacturers devote to solve these
defects recently, by adding different categories of 1g“_’1t
dlspersant and strictly controlling the process, the light
transmission efliciency and uniformity has been successfully
improved. Although transmission rate has increased in a
range of from 50 to 70%, the transmission rate 1s not
satisfied by the customers as high criteria product. On the
other hand, in order to achueve the design of thinner monitor
product, backlight module has to develop towards to light-
weight and thin, therefore, the hlgher diffusion efliciency 1s
required. But much light diffusion dispersant has been used
for diffusing plate and causes 1n reducing transmission rate.
In brief, high diffusion and transmission rate for the present
diffusing plate are hardly presented at the same time. There
1s only way to satisly the requirements of high brightness
and diflusion 1s to modily the structure of diffusing plate or
backlight module. The manufacturers of LCD TV or back-
light module adopt a method that 1s to use a diffusing plate
with higher transmission rate. The vestige of CCFL can not
be uniformed by diflusing plate, therefore, 1 to 2 diffuser put
at the emitting facet of diffusing plate to achueve the effect
of light scattering again which resulted 1n a range of from 5
to 10% light energy loss, then accommodating to prism sheet
to bring light and counterbalance the loss. Finally, the
purpose ol thin and lightweight backlight module can be
implemented but resulted in huge increment of cost and
lessening the visible angle of TV.

Liquid Crystal Display itsell cannot emit light and
requires backlight module to provide light source for moni-
tor. Diflusing plate 1s an important component of backlight
module for light scattering. The function of diffusing plate 1s
to scatter light uniformly emitting from CCFL to provide
stable and uniform light source for liquid crystal panel.
Moreover, the brightness and quality of LCD are very
related to the efliciency of light source. In order to increase
the effect of light scattering, the light dispersant 1s added 1nto
said diflusing plate, but the price of light dispersant 1s very
expensive.

Therefore, to propose a structure of direct type backlight
module with high uniform emitting light, according to the
alforementioned problems, which enable to solve the defects
of using much, light dispersant for diffusing plate and to
increase light diflusion and transmission and cost effectively.
Based on the inventor engaging on the research and develop
and sales experiences for the related products for many
years, the inventor finally proposes a method to solve the
alorementioned problems for a structure of direct type

backlight module with high uniform emitting light.

SUMMARY OF THE INVENTION

The primary object of the present invention 1s to provide

a structure of direct type backhght module with hlgh uni-
form emlttmg light, wherein using a structure of diffusing
plate to increase light diffusion, transmission rate and save
fabrication cost. There are plural lenticular lens on the
surface of entrance facet of said diffusing plate and the
interval two lenticular lens of said plural lenticular lens is
half imterval of two light source of plural light source.
Moreover, the location of said lenticular lens 1s set against
the center of light source to reduce total retlection at wide
angle.

The secondary object of the present invention 1s to
provide a structure of direct type backlight module with high
uniform emitting light, wheremn said lenticular lens 1s set
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against the center of light source. The curvature of said
lenticular lens 1s increasing while being away from light
source. While the curvature of said lenticular lens 1s
enlarged, the eflect of light scatter 1s reduced and the
purpose of uniformity 1s implemented.

Another object of the present mmvention 1s to provide a
structure of direct type backlight module with high uniform
emitting light, wherein provides a design of lenticular lens
for diffusing plate. The lenticular lens of the present inven-
tion 1s against center of lamp to scatter light of said lamp
area. Location 1s farther away from lamp, the curvature of
said lenticular lens 1s larger, then the effect of light scatter 1s
reduced and the purpose of uniformity 1s implemented.
Design of another lenticular lens also focuses on the lamp
location and distance and are set compound. Fach set of
lenticular lens 1s against the CCFL location to fit the effect
of design of lenticular lens. The inclined light can be
refracted through the angle of microstructure surface at
entrance facet, but more distance location can be resulted in
total refraction due to large inclined angle, then reducing the
transmission light of light source and influencing the uni-
formity, finally reducing total reflection of wide angle.
Except lenticular lens, diffusion plate itself contains suih-
cient light dispersant can make the light scattered and result
in uniformity.

Moreover, providing a double side lenticular lens at
entrance and exit facet and making a lenticular lens having
the same direction with entrance facet can be towards to
horizontal direction to cover or scatter the lamp marks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structure diagram showing direct type back-
light module of preferred embodiment of the present inven-
tion.

FIG. 1A 1s diagram showing a light proceeding route
within diffusing plate of preferred embodiment of the
present invention.

FIG. 2A 15 a structure diagram showing diffusing plate of
preferred embodiment of the present invention.

FIG. 2B 1s a structure diagram showing diffusing plate of
another preferred embodiment of the present invention.

FI1G. 2C 1s a structure diagram showing diffusing plate of
another preferred embodiment of the present invention.

FI1G. 2D 1s a structure diagram showing diflusing plate of
another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

In order to clearly express and explore the feature char-
acteristics and efliciency of the present invention for the
committee of patent, the preferred embodiment and detailed
description 1s as below.

The present invention 1s to add lenticular structure at the
entrance facet of diflusing plate, each structure 1s set against
the location and design of light source, and through light
refraction or reflection to change the path of light movement
while light passing lenticular lens to achieve the effect of
scattering light. Besides, the feature and distribution of
microstructure can be changed by optical design and to allot
the angle of mclined light then to meet the requ1reme11ts of
backlight module. To enhance the diffusion of diffusing plate
for conventional difluser design can have very good eflect
for covering light source, but the transmission rate can be
reduced. Only focus on increasing diffusion around lamp
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part at the present invention can lower the transmission rate
to the least and implement the purpose of brightness.

Due to the expensive light dispersant, the novel design
can increase light diffusion through lentricular lens and
reduce the increment of light dispersant. The novel design
enables to reduce the absorption or refraction resulting form
light dispersant to enhance transmission rate and also reduce
the cost of raw materials for products. Whether using
extruding or casting method to produce the plate that will not
increase production eemple){lty and be easy to produce.
Therefore, the novel diffuser design has advantages of
enhancing diffuser function and lowering cost.

Besides, designing lenticular lens at the location close to
light source which has brighter light, then the light 1is
scattered to the darker area which reduces the brightness of
light source and enhances the scatter umiformity, then the
low transmission rate resulted from lenticular lens can be
reduced.

Refer to FIG. 1, which illustrates the structure diagram of
one of the preferred embodiment of direct type backlight
module. As FIG. 1 showing, the present invention illustrates
a structure of direct type backlight module with high uni-
form emitting light, wherein said direct type backlight
module 1 consisting of a reflector 10; plural light source 20
locating above said retlector 10; a diffuser 30 locating above
said plural light source 20; a prism sheet 40 locating above
said diffuser 30; and a panel 50 locating said prism sheet 40.

Retfer to FIG. 1, wherein said plural light source 20 1s
Code Cathode Fluorescent Tube (CCFL); the material of
said diffusing plate 30 1s selected from one of acrylic resin,
epoxy resin, PU, transparent thermosetting resin or UV
curable resin, and said diflusing plate 30 consists of plural
light dispersant 32. The technology characteristics of the
present mvention 1s plural lenticular lens 322 setting at the
surface of entrance facet 320 of said diffusing plate 30 which
through refraction or reflection to change the path of light
movement while light 34 passing lenticular lens 322 to
achieve the eflect of scattering light.

Moreover, the present invention focuses on the location of
said lenticular lens 322, refer to FIG. 2A, which 1illustrates
the structure diagram of one of the preferred embodiment of
diffusing plate. As FIG. 2A showing, the present invention
explores plural lenticular lens 322 on said diffusing plate 30
and the surface of entrance facet connecting said plural light
source 20. The iterval of said plural light source and said
lenticular lens are S and S/2 respectively, and each structure
1s set against the location and design of light source, then
through refraction or reflection to change the path of light
movement while light passing lenticular lens to achieve the
ellect of scattering light.

Refer to FIG. 2B, which 1llustrates the structure diagram
of one of the preferred embodiment of diffusing plate. As
FIG. 2B showing, the present invention explores that the
feature and distribution of microstructure can be changed by
optical design and to allot the angle of inclined light then to
meet the requirements of high brightness and uniformity for
backlight module. To enhance the diffusion of diffusing plate
for conventional diffuser design can have very good ellect
for covering light source, but the transmission rate can be
reduced. Only focus on increasing diffusion around lamp
part at the present invention can lower the transmission rate
to the least and implement the purpose of brightness. Plural
lenticular lens 322 locates on said diffusing plate 30 and the
surface of entrance facet connecting said plural light source
20, the distribution of curvature of said plural lenticular lens
1s 1ncreased from the first light 22 with minimum curvature
to the central location between said first and the second light
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24 with maximum curvature, then curvature 1s diminished to
said second light with minmimum curvature. Therefore, the
curvature of the first lenticular lens 100 1s R1, one of the
second lenticular lens 110 1s R2, one of the third lenticular
lens 120 1s R3, one of the fourth lenticular lens 130 1s R4,
and one of the fifth lenticular lens 140 1s RS, the value of
sald curvature 1s R5>R4>R3>R2>R1.

Refer to FIGS. 2C and 2D, wherein the lenticular lens of
said FIGS. 2A and 2B 1s set at the surface of an entrance
facet 320 and an exit facet 320.

There are three types of forming diffusing plate with
lenticular lens as follows:

1. Directly forming while extruding plates. Processing on
the surface of cooling roll of one extruder or the other.
While extruding plates, the feature of lenticular lens 1s
copied on the plate through the engraving on the surface
of cooling roll.

2. Forming by casting mould. Using acrylic monomers
proceeds nodule aggregation within the panel glass mould
and then finished acrylic product 1s obtained which 1s
conventional technology. But the present invention 1s to
change the surface morphology of panel mould. Lenticu-
lar lens 1s processed on the metal panel and acrylic plate
1s cast to make the lenticular lens copied on the finished
acrylic plate.

3. Forming by transparent resin on the diffuser. Forming
lenticular lens on the metal plate as a mould and resin 1s
uniformly coated on the mould, then the mould 1s gradu-
ally covered by difluser form one side to the other, finally,
the fimshed product obtained after resin hardening and
coming oil mould. The resin can be selected from one of
acrylic resin, epoxy resin, PU, or other transparent ther-
mosetting resin or UV curable resin.

The following illustrates the best practices.

Embodiment 1

Lenticular lens 1s formed by using UV resin on the surface
of entrance facet at the flat diffusing plate and then compared
to conventional flat diflusing plate. The interval period of
lenticular lens 1s 0.2 mm and the radius of curvature of
lenticular lens 1s 0.2 mm, and the interval of lamp 1s 30 mm,
the area of lenticular lens and none lenticular lens are equal
whose length and width are 15 mm and interlaced as FIG.
2A. After forming lenticular lens are cut into proper figure
and set at the direct type CCFL light source and the center
of which aims to lamp location. After measuring, the result
1s shown as FIG. 3. Hornizontal axis means distance and
vertical axis means luminance intensity, the distribution of
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luminance intensity of none lenticular lens of flat diffuser on
the module 1s not uniform. And lenticular lens of diffuser
formed on the surface can achieve better diffusion effect and
uniformity.

The present invention modifies light diffusion through
changing curvature distribution of lenticular lens that is
different from the conventional method, which only can
amend the mcrement of light dispersant. Therefore, novel
design for product 1s more stable than traditional one.
Moreover, the diffusion eflect of light dispersant has no
directivity and presents irregular scatter eflect, but the
scattering light using lenticular lens can be designed to aim
at certain direction. For the design of monitor, providing
inventor more space to design according to different require-
ments to enhance the light utilization.

While certain preferred embodiments of the present
invention have been disclosed 1n detail, 1t 1s to be understood
that various modifications may be adopted without departing
from the spirit of the invention or scope of the following
claims.

What 1s claimed 1s:

1. A structure of direct type backlight module with high
uniform emitting light comprising:

a reflector:;

a plurality of light sources having an interval S, defined as
the distance between successive light sources, and
being disposed above said reflector;

a diffusing plate located above said plurality of light
SOUrCes;

a plurality of sets of lenticular lenses disposed on a
surface of an entrance facet of said diffusing plate
having an interval S/2 between successive sets;

a prism sheet located above said diflusing plate; and

a panel located above said prism sheet.

2. The structure 1n accordance with claim 1, wherein said
plurality of light sources use a cold cathode fluorescent tube
(CCFL).

3. The structure 1n accordance with claim 1, wherein said
diffusing plate includes a light dispersant.

4. The structure 1n accordance with claim 1, wherein a
surface structure of lenticular lens sets disposed on an exit
facet of said diffusing plate 1s symmetric with a lenticular
lens structure of said entrance facet surface.

5. The structure 1n accordance with claim 1, wherein said
diffusing plate 1s selected from one of acrylic resin, epoxy
resin, PU, transparent thermosetting resin or UV curable
resin.
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